6 is concerned, the double pressure wave will be felt on the ground as the aircraft passes a speed of Mach 1-15 on the climb to supersonic cruising altitude. During this period the aircraft will be relatively low and heavy when the boom overpressures are at their maximum value. Thereafter the boom falls off to a relatively low value on the cruise and airlines aim to carry out the early stages of transition to supersonic speeds well clear of populated areas and thereafter along the shortest route between departure and destination (Andrew 1971 ).
The focused boom or 'super boom' is generated when the aircraft is accelerating and can also be caused during prolonged turns at supersonic speed. Much therefore depends on the operators of the SST if they are to avoid community and political pressures. Some governments would seem adamant at the moment against supersonic flight over land and the operation of SST aircraft at supersonic cruise may be limited to trans-oceanic or sparsely populated areas of the world.
Much controversy has arisen regarding smoke emission and unburnt fuel from jet engines, one authority asserting that 104 tons of unburnt jet fuel is voided by aircraft every year around London Airport (Holmes 1971) . Olympus powerplants are already running at the very low figure of 2 Hartridge smoke units which is in fact an invisible heat haze. According to BAC, 'pollutants from all air transport account for less than 1 % of total industrial air pollution and will continue at this level. Turbine-powered aircraft offer the cleanest known practical means of transport.' Concern has also been expressed regarding the introduction of large quantities of water vapour into the stratosphere and that subsequent contrails will affect the world's weather. This is extremely unlikely as, due to the very low relative humidity, dissipation of contrails and cloud formations will be rapid. Similar charges have been made that SST operations will deplete the ozone layers of the upper atmosphere, allowing an increase of ultraviolet light to reach the earth's surface with adverse biological effects. As the maximum ozone layer is well above SST cruising heights it is not thought that this region will be affected in any way whatsoever.
To sum up, we have considered some of the medical and biological problems affecting the crew and passengers of SST aircraft, and populations on the ground over which these aircraft will fly. Many more human engineering problems are involved in the successful operation of SST aircraft but time precludes discussion on these.
Wing Commander A N Nicholson (Royal Air Force Institute ofAviation Medicine, Farnborough, Hampshire) Sleep Patterns in the Aerospace Environment Working in the aerospace environment has a marked effect on sleep patterns because duty periods are irregular and the day-night cycle may be modified in duration, or even absent. These circumstances lead to unusual rest and activity rhythms within which satisfactory patterns of sleep must be created. The airline pilot has to cope with irregular and often long hours of duty superimposed upon time zone changes while spacecrews experience rapid day-night cycles of about 90 minutes duration during earth orbital flights and complete absence of day-night cycles during extraterrestrial journeys and lunar explorations. Complex patterns of activity must be examined carefully because satisfactory sleep is of great importance in maintaining well-being and operational efficiency.
Airlinie Pilots
Over the years airline pilots involved in long haul (intercontinental) operations have evolved strategies of rest and activity which ensure adequate sleep. In a study of one pilot (Nicholson 1970a) it was shown that sleep was arranged so that preceding each duty period he was well rested. This involved considerable discipline on the part of the pilot and the sleep-wakefulness pattern which emerged revealed an intricate arrangement of sleep periods ranging from about half an hour to nearly half a day in duration. Naps of around an hour played an important part in maintaining alertness during long duration flights and were taken at times of low workload when the operation could be handled easily by the co-pilot. There were also other shortened periods of sleep of between 3 and 5 hours which were related to the operation of daily schedules with rest periods of about 24 hours. In the latter case the daily period of sleep was split into two parts. Immediately after the duty period there was an urgent desire for sleep, as it may have been over 16 hours since the last sleep period. It is essential for the pilot to be in the most rested state possible for the next duty so that taking the full amount of sleep early in the rest period would place him in a most disadvantageous position during the latter part of the next duty. To avoid this, sleep was taken after duty and immediately before the next duty.
There are, of course, abundant opportunites for sleep of the usual duration during route flying and the long-haul pilot would also have individual sleep periods of much longer duration than at home. The problem is essentially that of disturbed sleep rather than loss of sleep and the intricate pattern of sleep and wakefulness which emerges is an adaptation to a complex work schedule.
It would appear that a delicate balance exists between workload and satisfactory sleep and this is influenced by the duration of the schedule. A formula has been developed which may assist in defining the duty hours during route flying which are compatible with an acceptable sleep pattern (Nicholson 1970b (Nicholson , 1972a .
Earth Orbital Flights
During the early days of manned orbital missions disturbances of the usual patterns of sleep and wakefulness were observed. Cosmonaut Titov (Vostok 2, 1961) found that the concept of day and night was eliminated to a certain degree while astronaut Cooper (Mercury 9, 1963) reported that his normal sleep pattern was replaced by a series of naps lasting no more than an hour each.
In the longer flights of the Vostok series, which lasted up to 5 days, there were sleep difficulties. Nikolayev (Vostok 3, 1962) , Popovich (Vostok 4, 1962) , Bykovsky (Vostok 5, 1963) and Tereshkova (Vostok 6, 1963) all exhibited physiological evidence of fatigue and in the longer Gemini missions the astronauts showed great difficulty in obtaining satisfactory sleep. The flight plan for the 4-day mission (Gemini 4, 1965) had to be modified to allow extra time for sleep and it was apparent after the flight that astronauts McDivitt and White had not obtained a long period of sleep throughout the whole of the mission and both were fatigued. During the 14-day mission (Gemini 7, 1965) astronauts Bormann and Lovell slept simultaneously during hours which generally corresponded to night-time at Cape Kennedy. This proved to be more satisfactory but even so neither astronaut slept as soundly in orbit as he did on earth and there was a strong tendency to wake up spontaneously. This led to increasing fatigue but the astronauts remained alert and carried out their tasks without evidence of impaired performance (Berry et al. 1966 ).
On the other hand sleep problems would appear to have been of little significance during the Soyuz flights and it is of interest that the 18day Soyuz 9 mission was launched at night and the crews maintained a 24-hour cycle although they tended to sleep in the daytime and work at night. Their sleep was sound and refreshing.
Extraterrestrial Flights andLunar Explorations
The Apollo missions, which involved extraterrestrial journeys and the severe operational constraints imposed by the time requirements for lunar exploration, have provided the greatest difficulties in planning for adequate sleep (Berry 1970) . The crews have required about 3 days to adapt to new rest-activity schedules and all their sleep periods have been shortened. The early manned missions demanded at least one of the astronauts to be on duty at all times and this led to considerable difficulties. During the lunar mission of Apollo 8 the planned rest periods varied greatly from night-time at Cape Kennedy (Fig 1) and crew fatigue led to procedural errors and forced changes in the flight plan. Since Apollo 9 the crews have slept simultaneously and there has been little post-flight fatigue. The schedule of work and rest for Apollo 11 was very 2) .
Conclusion
Much more needs to be known about the rest and activity pattems of persons working irregular hours under unusual conditions and in this context the problem of prolonged spaceflights is discussed elsewhere (Nicholson 1972b) . There is a need to define work schedules compatible with an acceptable sleep pattern and to explore the help that pharmacological control of sleep and wakefulness, without undesirable side-effects on performance, may play in the initial adaptation of man to unusual schedules of work. (Adam 1967) . My present paper detailed the results to date of a long-term study entitled 'Nychthemeral Rhythms and Air-trooping'. The 49 troops acting as subjects were very highly selected and trained. They were investigated in two groups on alternate days for 14 days in the United Kingdom and for 28 days in the central part of West Malaysia a few miles south of the border with Thailand. Physiological programme: The men were forbidden training, smoking and the ingestion of tea, coffee and alcohol for each period of 24 h and for the preceding 4 h. Thus they voided urine at 2200 h and urine collections and oral temperature and pulse rate measurements were made at 0200, 0600, 1000, 1400, 1800 and 2200 h thereafter. At each collection of thymolized urine, its volume and specific gravity were noted and 7 5 ml aliquots were frozen for subsequent analysissodium, potassium, chlorine and cortisol. Psychological programme: Individual characteristics were determined by single tests -Shipley-Hartford Retreat Skill, Raven's Standard Progressive Matrices, Heron Test and Cattell's 16 Personality Factor Questionnaire. On each day the subjects had psychological performance tests for 1 h at 0630, 1030, 1430 and 2000 h, comprising calculations, vigilance and four memory tests.
Results
The physiological results have shown an absence of phase-shift following the flight which lasted for 18+ h and a road journey of 150 miles (240 km) due east. There was no degradation in the overall psychological performance, but minor disruption of the rhythmic characteristics of some individual performance tests have been detected and have been discussed by Adam et al. (1972) . Averaging 26-9 years of age, the group was unusual for service personnel in being of bright-normal intelligence, IQ about 110, and significantly different from the normal population by reason of expediency, shyness, suspiciousness, forthrightness, self-sufficiency, independence and high anxiety.
